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周数 n 控制薄膜厚度；用电化学原位 STM 跟踪研究薄膜表面结构，以 CO 为
分子探针结合红外光谱研究其特殊的红外性能。主要研究结果如下：（1）随
着 n 的增加，nm-Ni/GC(n)电极表面依次呈现层状(n ≤ 12)、岛状(n = 16)和带
棱角的块状(n > 16)结构，而相应结构上吸附态 CO 的红外吸收分别给出异常
红外谱峰、Fano 类型谱峰和正常红外谱峰。首次观察到 Fe 族元素 Ni 纳米薄
膜的异常红外效应，测得最大红外增强因子为 15.5。（2）采用 AES 测得

























Nanostructured materials are attracting more and more interests in many 
disciplines due to their novel properties in comparison with corresponding bulk 
materials. In the IR investigation of nanostructured thin film of Pt group metals 
and their alloys, our research group revealed, for the first time, that these 
nanostructured film materials exhibit abnormal IR effects (AIREs). To understand 
further the principles of AIREs and to improve application of nanostructured film 
materails, it is of importance to extend the investigation of Pt group metals to other 
transition metals. As an iron group metal, Ni is widely used as catalyst and 
magnetic material etc. It is well known that Pt is the best element served as 
catalyst in fuel cell and PtNi alloys are also proved to be efficient catalysts in fuel 
cell applications. So the investigation of Ni and PtNi alloys presents also one of 
the key topics in electrocatalysis.  
In this thesis, nanostructured thin film of Ni and PtNi alloys were prepared by 
cyclic voltammetric electrodeposition on glassy carbon, which is noted as 
nm-Ni/GC(n) or nm-PtNi/GC(n). The thickness of the thin film was controlled by 
varying the number n of potential cycling in electrodeposition. The surface 
nanostructure of nanostructured thin films was monitored by in situ EC-STM. The 
main results and conclusions consist in the following: (1) Following the increase 
of n, the structure of Ni thin films is varied from layer nanostructure (n = 1, 4, 12), 
to island nanostructure (n = 16) and finally to lumpy arris nanostructure (n = 25). 
And the IR spectral features of CO adsorbed on nm-Ni/GC(n) have undergone a 
transition from abnormal IR features to Fano-like IR features, and finally to 
normal IR features with the variation of corresponding nanostructure. The 














nm-Ni/GC(4). (2) The surface composition of nm-PtNi/GC(n) electrodes was 
measured by AES to be respectively 81% and 19% for Pt and Ni by atomic ratio. 
The EC-STM studies illustrated that with the increase of n the nanometer islands 
on nm-PtNi/GC(n) firstly grew up sharply (n ≤ 8) and then turned to round and flat 
(n ≥ 12). In situ FTIRS investigations revealed that all the nm-PtNi/GC(n) 
electrodes exhibit the AIREs. (3) Ionic liquid was used for the first time as 
electrolyte in the in situ FTIRS investigations of nm-Pt/GC(n) and nm-Ni/GC(4) 
electrodes. Similar results were obtained as those in aqueous solutions. However, 
the quality of IR spectra in ionic liquid was superior to that in aqueous solutions. 
(4) Nanostructured Pt thin films have also been prepared by magnetron sputtering 
and investigated by transmissive FTIR spectroscopy. Surface-enhanced IR 
absorption spectra were obtained for CO adsorbed on all the nanostructured Pt thin 
films. 
The investigation in the present thesis has contributed to understand deeply the 
nature of the metal nanomaterials, and thrown light on revealing the intrinsic 
origin of anomalous IR properties of nanomaterials, as well as in developing 
fundamental and applications of nanostructured film materials. 

























第一章  绪  论 
§1-1 纳米材料及其特殊性能 






















Fig.1-1 Different kinds of
nanomaterials (1 nanoparticle; 2
multi-layer film; 3 film made of
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